Abstract : This paper examines the knowledge creation, sharing and transferring process within manufacturing …rms in an innovation perspective. Using French data set, we study complementarities between speci…c human resource management practices (HRMP) and knowledge management. We focus on four speci…c practices : team, incentives, training and knowledge management. We use a new testing procedure for complementarity and substitutability in case there are multiple organizational practices that a¤ect innovative performance. This procedure is based on multiple inequality restriction. The result supports the notion that knowledge management is more e¤ective if accompanied by team organization and associated incentives. It pleads in favour of the important interrelations and couplings between speci…c HRMP and knowledge management to enhance innovation performance. 
Introduction
A number of recent empirical studies of …rm-level performance have been concerned with establishing potential complementarity between multiple organizational design practices. Complementarity between a set of practices means that the implementation of one practice increases the marginal return to other practices. These papers have drawn conclusions on basis of the e¤ect of the interaction term between each possible pair of practices (Arora and Gambardella, 1990 ; Ichniowski et al., 1997 ; Athey and Stern, 1998).
Since employees, competencies and knowledge are an innovative …rm's major asset, we investigate arrangements capable of enhancing, capturing and utilizing knowledge within the …rm. In this paper, we examine the knowledge creation, sharing and transferring process in French manufacturing …rms in an innovation perspective. The aim of this paper is to study the complementarities between speci…c human resource management practices (henceforth HRMP) and knowledge management (KM). We use a new testing procedure for complementarity and substitutability in case there are multiple organizational practices that a¤ect innovative performance (Mohnen and Röller, 2002 ; Lokshin et al., 2003) . This procedure is based on multiple inequality restriction. This testing methodology is applied to test the complementarities between four practices such as : team, incentives, training and knowledge management.
Knowledge based theory of the …rm is developed in recent contributions in economic and management literature and describe approaches which organize knowledge creation and exploitation (Nonaka and Takeuchi, 1995 ; Tidd, 2000 ; OECD, 2000 ; Tomlinson, 2002 ; Foss and Mahnke, 2003) . Competitive advantage depends upon the …rm utilization of existing knowledge and its ability to generate new knowledge more e¢ciently. Competencies concerning knowledge management in ‡u-ence the spread and increased performance of information and communication technologies (ICT) and the way knowledge can be accessed and disseminated much more readily. In this paper, we pay attention to the fact that knowledge is based around solving new problems within teams, in an innovation perspective, which often require a multidisciplinary approach and adequate HRMP (Foray and Lundvall, 1996 ; Foray, 2001 ). We describe the way …rms and employees learn, work and communicate knowledge within and without the …rms by using team, incentives and training procedures.
Coordination and incentives mechanisms contribute to the e¢ciency of the creation and exploitation of knowledge. The …rm can be presented as a competent team where a tacit organizational competence improve the productivity through selecting and allocating competent people (Eliasson, 2000) . Therefore, human resource management practices are not only important but constituted one the most strategically relevant resources Roberts, 1990, 1995 ; Baron and Kreps, 1999) . New types of incentives and procedures permitting an e¢cient knowledge creation and sharing, within teams, are required to encourage people in a knowledge-based economy. Stimulating creativity and sharing knowledge become essential and require appropriate HRMP (Gupta and Singhal, 1993) . Recent empirical evidence tend to prove that knowledge development and utilization can be facilitated by human resource practices (Leiponen, 2000a (Leiponen, , 2000b Laursen and Manhke, 2001 ; Laursen, 2002 ; Galia and Legros, 2003) . At the individual level, increased delegation of responsibility and freedom for creativity may better allow for discovery and utilization of local and dispersed knowledge inside …rms. Focusing on the interrelations and complementarities between speci…c HRMP and knowledge management we identify in this paper these complementarities and synergetic e¤ects, and the …rms' characteristics conducive to innovation.
Additionally, interdisciplinary team-work, regrouping employees with di¤erent characteristics, knowledge, expertise and skills, may be conducive to innovation Roberts, 1990, 1995 ; Baron and Kreps, 1999) . Team-based work can also facilitate cross-functional communication, enhance worker involvement, and develop or better utilize talent to serve strategic aspirations (Gupta and Singhal, 1993 ; Huselid, 1995) . Autonomy in the job can be very e¤ective in mobilizing personal knowledge as it helps organizational members to understand a …rm's business from a variety of perspectives. It provides coordination advantages when engineers and workers perform several tasks and therefore understand problems of colleague better. Among other things teams often bring together knowledge and skills which, before introduction of teams, existed separately resulting in "new combinations". Moreover, team organization have to be coupled with speci…c procedures of incentives and reward devoted to the formulation of new ideas in order to motivate and facilitate creation and sharing of new knowledge within the …rm.
Firm internal and external training contribute also to innovation performance. Firms upgrade skills and expertise of workers through on-the-job training, seminars, learning by doing to create …rm speci…c human capital. When employees are concerned by the right (intrinsic or extrinsic 1 ) motivation, they may invest more in upgrading their skills if extensive problem-solving rights apply. Conversely, bene…ts from giving shop ‡oor employees more problem-solving rights will likely depend positively on the level of training of such employees. All such practices are likely complementary to various incentive-based reward and remuneration schemes (whether based on individual, team or …rm performance, see Holmstrom and Milgrom, 1994 ) that reduce turnover. Thus, compensation, reward and career systems in ‡uence employees' contribution. 2 High powered incentives may be used to induce contributions through providing larger shares of quasi rents to employees. This paper is organized as follows. Section 2 introduces the testing method for complementarity. Section 3 describes the data and the variables. Econometric speci…cations and main results are presented and discussed in section 4. Section 5 concludes.
Testing for complementarity : supermodularity of the innovation function
Recent theory of the …rm and HRM practices (quoted above) provides a way to capture the intuitive ideas of synergies and systems e¤ects, i.e. "the whole is more than the sum of the parts". Complementarity between variables or strategies is achieved "if doing more of one thing increases the returns to doing more of another" (Milgrom and Roberts, 1995, p. 181) . We thus have mutual reinforcement between these variables, acting as a synergetic e¤ect. In a standard (di¤erentiable) framework, complementarity between a set of variables means that the marginal returns to one variable increases the level of any other variable. Formally, the cross-partial derivatives of some payo¤ function (like pro…t or innovation) are positive.
The pioneer research in economics by Roberts (1990, 1995) (using the theoretical concept of lattices and supermodularity, see Topkis, 1998 ) study the complementarity among a variety of decision variables, such as production, ‡exibility, innovation, skills, training, incentive schemes and organizational decisions. Given complementary, a practice or a strategy is more likely to be adopted at a higher level if other practices are adopted at high level, too. This emerging important literature in organizational economics (complementarity and systemic e¤ect between HRM practices) is also considered by Holmstrom and Milgrom (1994) and Ichniowski et al. (1997) . Baron and Kreps (1998) promote consistent HRM ("best") practices used in a system-like manner. For example, authors suggest that HRM policies that emphasize extensive and intensive training should be complemented by compensation, promotion, and recruitment policies that reduce turnover.
The empirical literature studying complementarities between various variables proposes three types of approaches : the correlation approach, the reduced form exclusion restriction approach and the productivity approach (see Athey and Stern, 1998 ).
The …rst approach tests the positive correlation between various variables conditional on a certain number of common explanatory variables. In other words, complementarity creates a force in favor of positive correlation (or clustering) between two variables, even after controlling for observable, exogenous characteristics. This insight, analyzed theoretically in Holmstrom and Milgrom (1994) , Arora and Gambardella (1990) , and Arora (1996) , motivates the use of the correlation approach. Most of recent empirical papers about complementarity use this approach. 3 The idea of the second approach is the following : a factor which as an e¤ect on one variable will not be correlated with another variable unless the variables are complementary. As noted by Athey and Stern (1998) and discussed by Arora (1996) this approach does not provide a general solution for testing complementarity when there are more than two choices variables.
Finally, the third approach that we pursue here consists in modelling a measurement of …rm's objective function with a set of regressors, including the interaction e¤ects between several variables, interpreted as parameters of complementarities. In this paper, we consider the innovation function as the …rm's objective function. Ichniowski, Shaw and Prennushi (1997) provide the most convincing example of the application of this approach on HRMP. 4 Following also this approach, Mohnen and Röller (2002) directly estimate the innovation function and investigate whether the innovation function is supermodular in the four policy action considered. 5 Lokshin et al. (2003) study complementarity between practices for the case of three and four practices. On the one hand, they test for complementarity between product, process and organizational innovation and their impact on labour productivity. On the other hand, they discuss complementarity between four di¤erent types of R&D cooperation strategies.
When the decisions variables are discrete, in the case of qualitative variables, the notion of complementarities requires that some order relations be put on the objects under consideration, formalized by the theoretical concept of supermodularity within the mathematical concept of lattices. 6 We de…ne complementarity in the objective function f as follows (see for example Topkis, 1998 , p. 43) 3 A substantial bene…t of the correlation approach is that it can be used even if only the choice variables are observed. Thus, availability of data on the objective function is not required. Studies which use this approach include Ichniowski, Shaw and Prennushi (1997) ; Colombo and Mosconi (1995) ; Laursen and Mahnke (2001); Galia and Legros (2004) . 4 Others studies on HRMP using the productivity approach are Huselid (1995 Galia and Legros (2003) . They all conclude that coherent high performance HRMP "systems" (i.e. particular combinations of HRMP) have an economic and empirical positive e¤ect on …rm performance and innovation. 5 More precisely, authors use CIS1 survey data from four European countries and consider four types of obstacles that are a¤ected by policies : (i) lack of appropriate sources of …nance, (ii) lack of skilled personnel, (iii) lack of opportunities for cooperation with other …rms and technological institutions, and (iv) legislation, norms regulation, standards and taxation.
De…nition 2.1. Two elements (or objects) x and y are then called complementarity if the corresponding objective function f : R n ! R n is supermodular if for all x; y 2 R n ; f(
A useful result for the empirical analysis below is that it su¢ces to check pairwise complementarities in case there are more than two dimensions in the lattice (Topkis, 1978) . In other words, a function is supermodular over a subset of its arguments, if and only if all pairwise components in the subset satisfy the above de…nition.
In particular, we consider in this paper an innovation function I of which the value is determined by the discrete practices x p (p = 1; :::; n). Using the above de…nition of supermodularity and considering the …rst two practices we can write De…nition 2.2. Practices x 1 and x 2 are considered complementary in the function I if and only if I(x 1 + 1; x 2 ; :::; x n ) ¡ I(x 1 + 1; x 2 + 1; :::; x n ) · I(x 1 ; x 2 ; :::; x n ) ¡ I(x 1 ; x 2 + 1; :::; x n ) with the inequality holding strictly for at least one value of (x 1 ; x 2 ; :::; x n ):
In our case, since the HRM and KM practices are of dichotomous nature (1 if …rm use the practice considered ; 0 otherwise), it represents a special case of this de…nition. Suppose there are two binary practices, the collection of possible combinations D consists of four elements D = f(0; 0); (0; 1)(1; 0)(1; 1)g as de…ned usually in binary order. Using the above de…nition of supermodularity implies that there is only one nontrivial inequality constrain I(1; 0) ¡ I(1; 1)<I(0; 0) ¡ I(0; 1) or equivalently I(1; 1) + I(0; 0) ¡ I(1; 0) ¡ I(0; 1) > 0. We can rewrite this inequality as I(1; 0) ¡ I(0; 0)<I(1; 1) ¡ I(0; 1). The intuition from this last inequality is that using the …rst practice is more e¤ective when the second practice is used.
We can illustrate our purpose with a simple example. Suppose a …rm can use team-based work and incentive schemes (corresponding to D 4 = (1; 1)) or not at all (corresponding to D 1 = (0; 0)), as well as the mixed cases corresponding respectively to the only use of team and to the only use of incentives (corresponding respectively to D 3 = (1; 0) and D 2 = (0; 1)). The above inequality constrain I(1; 0) ¡ I(0; 0) < I(1; 1) ¡ I(0; 1) de…ning complementarity implies that using the …rst practice (team-based work) is more e¤ective when the second practice (incentive schemes) is used. In other words, the impact of team-based work is higher whenever we have incentive schemes.
As we test in this paper for complementarity between the four following practices : team, incentives, training and knowledge management, we rewrite the associated inequality constrains. With four practices (x 1 ; x 2 ; x 3 ; x 4 ), the collection of possible combinations D contains 2 The set D is a lattice as the elements are ordered as the component-wise order under the "max" operation. Using the above de…nition of supermodularity, and the fact that we only need to check pairwise complementarities, the number of nontrivial inequality constraints is equal to 2 (K¡2)
where K is the number of practices. As we consider here K = 4 practices, we have a total of 24 nontrivial inequality constraints.
More precisely, as we only need to check pairwise complementarities and we consider K = 4 practices, we have 6 possible pairs of practices such as : x 1 and x 2 , x 1 and x 3 , x 1 and x 4 , x 2 and x 3 , x 2 and x 4 , and …nally x 3 and x 4 . Then, we can write the constraints corresponding to complementarity between each pairs of practices. We thus have a total of 24 nontrivial inequality constraints as we said above.
Using the above de…nition of supermodularity we can write the 4 nontrivial inequality constraints concerning complementary between practices x 1 and x 2 in innovation function I as Similarly, the 4 nontrivial inequalities necessary to hold for practices x 1 and x 3 to be complementary are
where (x 2 ; x 4 ) = f(0; 0); (0; 1)(1; 0)(1; 1)g:
The remaining 16 constraints corresponding to complementarity between practices x 1 and x 4 , x 2 and x 3 , x 2 and x 4 , and …nally x 3 and x 4 are analogous. Complementarity over all HRM and KM practices is given, whenever all the 24 inequality constraints are satis…ed.
In order to test these inequality constraints, we need to estimate the innovation function I. Therefore, we include a set of state dummy variables denoted by D as explanatory variables. As de…ned above, D is the collection of possible combinations of the four HRM and KM practices. Using the convention of binary algebra, we de…ne the 16 dummy variables constituted D. The estimated coe¢cients associated to these state dummy variables allow us to test for complementarities between the four HRM and KM practices.
Additionally, we include …rm-level control variables such as : size, technological intensity, group membership and R&D dummies. All these variables are described in the next section.
After estimating the innovation function I, we apply the statistical tests of H 0 : R¯= r versus H 1 : R¯¸r with R having rank k in the standard linear model y = X¯+ " with one of the inequalities holding strictly (see Gouriéroux et al., 1982) . This can be viewed as a distance or Wald test that permit to test simultaneously the above 24 inequality constraints. We follow Kodde and Palm (1986) who provide lower and upper bound critical values for this test. 7 The null hypothesis is accepted when values of the Wald test are below the lower bound. On the contrary, a rejection of the null hypothesis occur when values are above the upper bound. The test is inconclusive when values are between the two bounds.
We next turn to the data description and the empirical analysis, which will test for complementarity between four HRM and KM practices.
Data
The data used for this study come from two French data sets. The …rst one is the "Compétences pour Innover" 1997 survey, over the period 1994 to 1996, carried out by SESSI. 8 This is nonmandatory survey sampled 5,000 manufacturing …rms with at least 20 employees. In order to grasp the competencies to innovate, the questionnaire is built on a multidisciplinary way (see François, 1998 ; Foray and Mairesse, 1999) . Firms respond to 9 large class of competencies (C1 to C9) given 73 elementary competencies, considered as organizational practices. All elementary competencies are of dichotomous qualitative nature (1 if …rm have the competence considered ; 0 otherwise). Focusing on the internal organizational practices and human resources management practices (C7) dedicated to the production of knowledge (C4), intellectual property rights (C6) and technological innovation (C3), four large questions are specially investigated. We study four speci…c variables on HRMP and knowledge management practices : teams-based or common work ; motivate speci…cally (wage, career) ; demand and choose an adequate training ; and awareness that knowledge is strategic and con…dential (Table 1 ).
The second data set is the French second "Community Innovation Survey", "L'Innovation Technologique dans l'Industrie" (CIS2), also carried out by SESSI over the period 1994 to 1996, results from a questionnaire sent to a representative sample of more than 5,000 manufacturing …rms above 20 employees. This investigation belongs to the Community Survey 9 on technological innovation (for a detailed description, see François and Favre, 1998) . The …rms answer primarily on the nature of the technological innovations (products/processes, …rm/market), the supervision of these innovations (i.e. innovation projects), the internal and external sources (of R&D), the objectives of the technological innovation. It provides also information about the main sources of information to innovate, the cooperation to innovate and …nally the obstacles to the projects of innovation. We know also general information such as size, sector of activity, technological intensity and group membership of the …rms. Finally, the merger of these data sets provides a sample of 2750 …rms. Table 1 displays descriptive statistics of the four HRM and KM practices dedicated to innovation. We noted the relative importance of the team-based organization structure (TEAM, 76.7% of …rms). This team-based work is designed to acquire, re…ne, and reinforce employee skills and behaviors necessary to implement the …rm's innovativeness. Speci…c motivation procedures (wage, career) are dedicated to employees that holds strategic knowledge (MOTIVATE, 40.2%). These incentives are devoted to motivate and to facilitate creation and sharing new knowledge within the …rm. Using individual reward, …rms permit to theirs employees to enhance originality and creativity of ideas. Moreover, the use of team-based work can allow to share knowledge and to communicate more easily around the projects of innovation. Additionally, …rms identify and make people aware that their knowledge is strategic and con…dential (AWARE KNOW, 53%). Doing so, …rms inform employees about the con…dentiality of their knowledge in order to avoid dispersion of information and communication. Finally, …rms consider and exploit training procedure as a strategic practice. Specially, …rms permits employee to demand and choose an appropriate training (TRAINING, 63.1%).
Innovating …rms are those who introduced new technological products and/or processes during the period 1994-1996. Our …nal sample contains 62.7% of innovating …rms. We …nd that innovating …rms are more prone to adopt HRM and KM practices in order to innovate (column 3 in Table 1 ). The mean dotation of HRM and KM practices is about 2.3 (out of 4) for the full sample of …rms, whereas for innovating …rms is about 2.8 (this di¤erence is statistically di¤erent at the 1% level). Paying more attention to these fact, we can see that innovating …rms seem to adopt a speci…c organization (composed of HRM and KM practices). They use extensively team-based work (89.7%). Moreover, compared to the full sample and to the non-innovating …rms, innovating …rms use more intensively associated motivation and incentive procedures (50.6%). In an innovation perspective, training programs are found to be more extensively used by innovating …rms (74.6%). They actively involve employees in the strategic and con…dential nature of knowledge (65.9%) since it become essential to keep creativity, originality and formulation of new ideas within the …rm. Correlation between the four HRM and KM practices for innovation are reported in Table A2 in Appendix. We can draw a …rst picture of the more used practices in combination. Not surprisingly, and in accordance to the evidence related above, …rms using team-based work permit at the same time to theirs employees to demand and choose adequate training. Moreover, team-based work is associated to strategic and con…dential nature of knowledge embedded in team members. Therefore, employees within teams bene…t from speci…c incentive in order to promote originality, creativity and innovation. At the same time, they are aware that their knowledge forms a strategic and con…dential advantage and they receive speci…c motivation schemes (wage and career incentives). Table A1 in Appendix provides descriptive statistics of our full sample and innovating sample. Since we control for …rms size, technological intensity, group membership and R&D dummies ; we discuss now the distribution of our two samples. The distribution of …rms by size takes the standard classi…cation used by the SESSI. We use also three categories of size (small …rms (SF) from 20 to 99 employees, medium-sized …rms (MF) from 100 to 499 employees and large …rms (LF) of 500 employees and more) in order to widen the traditional contrast between small and large …rms. In the full sample, 22% are large …rms (LF), 26% are medium …rms and 51% are small ones. Among innovating …rms, one out of three is a large …rm (LF). We observe the same proportion for the medium-sized …rms (MF). Innovating small …rms (SF) account for 38.7% of our sample.
Sectorial e¤ects (line of business) are taken into account by technological intensity. The technological intensity of …rms, used by the SESSI, is a typology carried out by the OECD in 1994. Four groups were formed (see Table A1 in Appendix) : sectors of high technological intensity (HT), medium high technology (MHT), medium low technology (MLT) and low technology (LT). It is about a gathering of the industrial sectors according to direct and indirect intensity 10 of R&D in the production, weighted by the 10 principal Member States. The full sample contains four out of ten low technology …rms (LT), 35% of medium low technology …rms (MLT), 18 % medium high technology …rms (MHT) and …nally 7% of high technology …rms (HT). A third of innovating …rms belongs to the group of low technology (LT), 37% remains for the group of medium low technology (MLT). The group of medium high technology (MHT) accounts for 22.3%. High technology (HT) represents one …rm out of ten.
Additionally, we use group membership information. Independent …rms represents 44% of our sample, 31% belongs to a french group and 23% to a foreign group. Among innovating …rms, distribution acts in favour of foreign group (30%) and french group (36%). Independent innovating …rms are less (33%) than in the full sample (44%). Therefore, innovating …rms tend to be larger, more technology oriented …rms and belonging to a group than others …rms are.
Finally, we also include R&D variables dedicated to innovative activities : internal R&D and external R&D. Internal R&D relates to 44% of …rms. However, two …rms out of ten sub-contracts R&D (external R&D, including with another …rm of the group). Among innovating …rms, six …rms out of ten and 26% of them are engaged respectively in internal R&D and in external R&D.
As we noted above, the mean dotation of HRM and KM practices is about 2.33 (out of 4) for the full sample of …rms, whereas for innovating …rms is about 2.81. When we look at …rms' size, we noted that large …rms are more prone to adopt and use formal HRM and KM practices than others since they declare a mean dotation of 3.07 (see last column of Table A3 in Appendix). Mean dotations of medium high technology (MHT) and high technology …rms (HT), respectively 2.80 and 3.06, tend to be higher than the mean dotation of others …rms. Concerning the group membership, the mean dotations of french and foreign …rms are respectively 2.63 and 2.88. Finally, we can note that …rms engaged in internal and external R&D are more prone to use HRM and KM practices than others, where the mean dotation are respectively 2.93 and 3.00.
However, we can note the relative importance of procedure avoiding knowledge disclosure (AWARE KNOW) and schemes motivating employees (MOTIVATE) during the externalization of R&D. Specially, 78% of …rms doing internal R&D use this knowledge management procedure, since they are 83% among …rms doing external R&D. Moreover, 71% of …rms engaged in internal R&D use speci…c motivation schemes, where as 73% of …rms doing external R&D are concerned.
To sum up, we …nd statistical di¤erences between …rms' characteristics such as : (i) large …rms use more appropriate HRM and knowledge management procedures permitting to create and exploit knowledge, than small …rms do ; (ii) high technological …rms pay more attention to HRM and KM practices than others …rms ; (iii) …rm belonging to a group are more prone to adopt an adequate knowledge management strategy and related HRM than others …rms are ; (iv) …rms engaged in external R&D use more intensively knowledge con…dentiality and speci…c motivation schemes than …rms engaged in internal R&D ; and (v) innovative …rms use more intensively team work, speci…c incentives, training program and knowledge management than the sample mean.
These …rsts results tend to prove that large …rms, high technological …rms, …rms belonging to a group and …rms engaged in R&D are more prone to adopt and use formal HRM and KM practices than other …rm are.
Empirical evidence
In accordance with the section 2, we introduce a set of state dummy variables denoted by D as the collection of possible combinations of the four HRM and KM practices (x 1 ; x 2 ; x 3 ; x 4 ). Therefore, using the convention of binary algebra, we de…ne the 16 dummy variables constituted D. The frequency of occurrences of the 16 states dummies in the full sample, as well as in the sub-samples of innovating …rms and non-innovating …rms are reported in Table 2 . We begin by inspecting these occurrences in order to infer something about complementarity.
Descriptive statistics
As noted above, one way to test for complementarity is to test whether the practices are correlated. For instance, if practice x 1 (TEAM) occurs more often together with practice x 2 (MOTIVATE), rather than separately, we may interpret this in favor of complementarity between the two practices. In Table 2 , it clearly appear that the most frequent responses are the two extremes -zero everywhere and one everywhere -as well as team, training and aware knowledge (combination noted (1,0,1,1) ).
In terms of pairwise complementarity, we can infer some evidence in favor of complementarity. For example, training (practice x 3 , TRAINING) and knowledge awareness (practice x 4 , AWARE KNOW) appear complementary since the occurrence of (0000) plus (0011) is more frequent than (0001) plus (0010). Furthermore, when …rms use team and speci…c motivation schemes together (practices x 1 , TEAM and x 2 , MOTIVATE), we can see that (1111) plus (1100) occurs more often than (1101) plus (1110). Finally, the remaining two constraints for training (x 3 ) and knowledge awareness (x 4 ) are also met. These four constraints hold for the full sample, as well as for both sub-samples i.e. innovating …rms and non-innovating …rms (respectively columns 3 and 4 of Table  2 ). Therefore, these descriptive evidence act in favor of pairwise complementarity of training (x 3 ) and knowledge awareness (x 4 ).
In order to check all the other constraints for all other practice pairs we have to consider a large number of possible counts (20 constraints). As this checking is tedious, yet we can conclude that there is important descriptive evidence in favor of complementarity for other obstacle pairs as well. However, concluding from this on supermodularity of the innovation function can be premature. These descriptive statistics can only be considered as suggestive evidence of complementarity. They do not provide an e¤ective test of complementarity, since they do not control for any other variables. Therefore, in the following we turn to a more systematic method by using an econometric approach. 
Econometric evidence : testing for complementarity
In order to pay special attention to innovation performance, we estimate probit models explaining the probability to innovate (Table 3) .
Model I regresses probability to innovate by "traditional" variables (size, technological intensity and group membership). Large …rms are in general more prone to introduce technological innovation than small …rms are. Being a high technological …rm have highly signi…cant and positive impact on the innovation probability. Group membership acts in favour of innovation. Moreover, …rms belonging to a foreign group innovate more easily than french …rms. These evidence are in accordance with many stylized facts.
In order to test the impact of individuals HRM and KM practices, we estimate Model II including all our four practices individually. We …nd also positive and signi…cant e¤ect of …rms' size. Moreover, high technological sectors and group membership become insigni…cant. Concerning the HRM and KM practices, we …rst noted that three practices out of four are individually signi…-cant. Team-based organization (TEAM), speci…c motivation schemes (MOTIVATE) and awareness of strategic and con…dential use of knowledge (AWARE KNOW) have positive and signi…cant impact on innovation. Nevertheless, appropriate training programs (TRAINING) have an insigni…cant impact on the probability to innovate.
In Model III, additionally to control variables, we introduce the set of state dummy variables in order to estimate their impact on innovation. We …nd that several practice states are not signi…cant in the probability to innovate. Among the practice states being signi…cant, a majority of them have a negative impact on innovation. However, this econometric estimation display evidence of …rms using all the four HRM and KM practices jointly are more prone to innovate. The extreme practice state (1,1,1,1) , where one is everywhere, induce the highest propensity to innovate. Furthermore, the practice state (1,0,1,1 ) have a signi…cant and positive impact on the probability to innovate. In others words, …rms using simultaneously team-based organization (TEAM), speci…c motivation schemes (MOTIVATE) and con…dential use of knowledge (AWARE KNOW) have a higher probability to innovate. It is important to note that these individual signi…cance and signs of the coe¢cients on the practice states do not directly provide a test whether the innovation function is supermodular or submodular for two reasons. First, supermodularity involves to test linear constraints of several coe¢cients. Second, supermodularity requires to test the joint distribution of several of these linear constraints. Therefore, it can be possible that all coe¢cients are statistically insigni…cant, even though the joint hypothesis for supermodularity is accepted.
From this estimation, we report in Table 4 the results of the unconstrained estimation and the estimation under the two alternative hypotheses. These results present statistics for both the supermodularity and submodularity tests. The upper bound critical value at a 10% signi…cance level is 7.094, which implies that the null hypothesis is de…nitely rejected when the statistic is above 7.094. The lower bound critical value is 1.642, which implies that the null hypothesis is de…nitely accepted for values below this level. The test is inconclusive for values in between the two bounds.
In the …rst step the model is estimated three times, once unconstrained, once imposing greater or equal restrictions and once imposing less or equal restrictions. In the second step, the constrained model that produced the highest log-likelihood value in the …rst step The result supports the notion that knowledge management is more e¤ective if accompanied by team organization and associated incentive schemes. Then knowledge management have greater impact on innovation performance when accompanied by necessary changes in organizational practices such as team implementation and speci…c motivation schemes (wage, career). 1,1,0) 0.173 0.142 (1,1,1,1 
Conclusion
This paper permits to map out a more comprehensive structure and strategy of the …rms in the knowledge-based economy. We investigate arrangements capable of enhancing, capturing and utilizing knowledge within the …rm. In French manufacturing …rms, we examine the knowledge creation, sharing and transferring process in an innovation perspective. This paper aims at studying the complementarities between KM and HRM practices. We focus on four speci…c practices : team, incentives, training and knowledge management.
Compared to others …rms, we …nd that innovating …rms use more intensively team-based organization. Therefore, employees within teams bene…t from associated speci…c incentive (wage, career) in order to promote originality, creativity and innovation. Training programs are found to be more extensively used by innovating …rms. These practices permit to motivate and to facilitate creation and sharing new knowledge within the …rm. Moreover, we found that speci…c knowledge management become a strategic competence to enhance technological innovation. These speci…c practices act in favour of cross-functional communication and information, enhance personnel involvement, and better utilize or develop employees' talent.
We use a new testing procedure for complementarity and substitutability in case there are multiple organizational practices that a¤ect innovative performance. This procedure is based on multiple inequality restriction.
The result supports the notion that knowledge management is more e¤ective if accompanied by team organization and associated incentives. It pleads in favour of the important interrelations and couplings between knowledge management and speci…c HRM practices. Then, in an innovation perspective these practices become essential to perform and enhance creativity and originality. 
Appendix : descriptive statistics

26:42% (456)
The number of …rms is in brackets.
Source : SESSI (1997) 
